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METHOD AND SYSTEM FOR OFFLOADING 
PROCESSING TASKS TO A FOREIGN 

COMPUTING ENVIRONMENT 

This application is related to and claims the bene?t of US. 
patent application Ser. No. 12/ 643,099 entitled “Method and 
System for Offloading Processing Tasks to a Foreign Com 
puting Environment”, ?led on even date herewith. 

BACKGROUND 

1. Field 
The instant disclosure relates generally to computing envi 

ronments and the processing tasks Within computing environ 
ments, and more particularly, to reallocating or of?oading 
processing tasks and other resources from one computing 
environment to another computing environment. 

2. Description of the Related Art 
In the area of computing and computing processes, hetero 

geneous computing environments often lead to circum 
stances Where processing tasks can be performed more e?i 
ciently in one computing environment over another 
computing environment. For example, in a computing envi 
ronment Where an interpreter is running as an application 
Within an instantiation of an operating system, the softWare 
running Within the interpreter also instantiates, or emulates, 
an operating system. Thus, it is not uncommon for algorithms 
and other processing tasks to run more ef?ciently in one 
operating system or the other based on one or more charac 
teristics of the particular operating system, such as the avail 
able operator set, the speed of execution and/ or the feature set 
of the particular operating system. 

For example, in existing computer processing architec 
tures, an interpreter can run as an application inside an oper 
ating system executing on a particular processor. In general, 
an interpreter is a special class of program that interprets 
instructions, e.g., opcodes and operators, that are different 
than the native instruction set of the machine upon or appli 
cation Within Which the interpreter is executing. Typically, the 
interpreter receives the code to be executed and translates the 
non-native computer instructions, typically Written in a high 
level programming language, into native computer instruc 
tions. 
As such, the interpreter emulates an instruction set and 

processor environment that typically is foreign to the particu 
lar processor and operating system. HoWever, the emulated 
environment typically is capable of running an emulated 
(non-native) operating system. Therefore, it may be advanta 
geous to o?lload various processing tasks from one computing 
environment to another computing environment, e.g., from 
the interpreter emulated environment to the operating system 
computing environment inside Which the interpreter applica 
tion is running. 

Conventional methods exist for of?oading Work from one 
computing environment to another computing environment. 
HoWever, such conventional methods, Which typically are 
netWork-based processes, vary Widely in complexity and per 
formance. For example, many conventional method invoke 
one or more external functions to perform various of?oading 
tasks. HoWever, When of?oading tasks from an emulated 
computing environment, many conventional approaches 
require relatively intimate knoWledge of the interpreter, and 
can be vulnerable to programming errors in the program 
library Within the native operating system, Which could fault 
the interpreter itself, and result in a crash of the entire inter 
preter emulated environment. 
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2 
SUMMARY 

Disclosed is a method and system for of?oading processing 
tasks from a ?rst computing environment to a second com 
puting environment, such as from a ?rst interpreter emulation 
environment to a second native operating system Within 
Which the interpreter is running. Conventional of?oading pro 
cesses involve command execution betWeen the ?rst and sec 
ond computing environments across the netWork arrange 
ments existing betWeen the tWo computing environments. 
The of?oading method according to an embodiment involves 
the use of memory queues in the ?rst computing environment 
that are accessible by the operating system of the ?rst com 
puting environment and one or more o?lload engines that 
reside in the second computing environment. In this manner, 
the of?oading method according to an embodiment is based 
on direct memory access rather than the netWork connection 
access betWeen the tWo computing environments used in 
conventional of?oading processes. Using the memory 
queues, e. g., a request or initiation queue and a results queue, 
the ?rst computing environment can allocate and queue a 
control block in the initiation queue for access by a corre 
sponding o?lload engine. Once the o?lload engine dequeues 
the control block and performs the processing task in the 
control block, the control block is returned to the results 
queue for interrogation into the success or failure of the 
requested processing task. In this manner, the o?lload engine 
is a separate process in a separate computing environment, 
and does not execute as part of any portion of the ?rst com 
puting environment. Therefore, fatal programming errors in 
an o?lload engine Will not fault any portion of the ?rst com 
puting environment, thus making the ?rst computing environ 
ment more resilient and reliable. Although the queuing of 
of?oaded processing tasks Will stop When a corresponding 
o?lload engine crashes, the ?rst computing environment Will 
not be adversely affected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a set of heterogeneous com 
puting environments, including a computing environment 
having a native operating system being run by a native pro 
cessor and a computing environment being run as an emu 

lated environment Within the native operating system, accord 
ing to a conventional arrangement; 

FIG. 2 is a schematic vieW of a set of heterogeneous com 
puting environments according to an embodiment; 

FIG. 3 is a schematic vieW of an example structure of a 
queue, e.g., Within a control area, according to an embodi 

ment; 
FIG. 4 is a schematic vieW of a control block according to 

an embodiment; 
FIG. 5 is a How diagram of a method for of?oading pro 

cessing tasks from one computing environment to another 
computing environment according to an embodiment; and 

FIG. 6 is a How diagram of a method for of?oading pro 
cessing tasks from one computing environment to another 
computing environment according to an another embodi 
ment. 

DETAILED DESCRIPTION 

In the folloWing description, like reference numerals indi 
cate like components to enhance the understanding of the 
disclosed method and system for of?oading computing pro 
cesses from one computing environment to another comput 
ing environment through the description of the draWings. 
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Also, although speci?c features, con?gurations and arrange 
ments are discussed hereinbeloW, it should be understood that 
such is done for illustrative purposes only. A person skilled in 
the relevant art Will recognize that other steps, con?gurations 
and arrangements are useful Without departing from the spirit 
and scope of the disclosure. 

FIG. 1 is a schematic vieW of a set of heterogeneous com 
puting environments, e.g., a ?rst computing environment 12 
and one or more second computing environments 14. The ?rst 
computing environment 12 can be any suitable computing 
environment, e. g., the ?rst computing environment 12 can be 
or include an emulation or emulated environment 16. The 

emulated environment 16 typically includes an emulated pro 
cessor 18 (i.e., an interpreter), an emulated memory or 

memory element 22, and an operating system (OS) 24that 
typically resides in the emulated memory 22. 

For example, if the ?rst computing environment 12 
includes or involves a Master Control Program (MCP) envi 
ronment, the emulated processor 18 is an E-Mode interpreter, 
the emulated memory is E-Mode memory, and the operating 
system 24 Within the E-Mode memory is the MCP. As is 
knoWn in the art, the MCP is a proprietary operating system 
used in many Unisys Corporation mainframe computer sys 
tems. 

The second computing environment 14 can be any suitable 
computing environment, e.g., a computing environment that 
includes a processor or native processor 26, a memory or 
memory device 28, and an operating system or native oper 
ating system 32 residing in the memory 28. Within the second 
computing environment 14, the operating system 32 and 
other portions of the memory 28 may interface With the pro 
cessor 26 via an interface 34. Also, the second computing 
environment 14 can interface With portions of the ?rst com 
puting environment 12 via the interface 34. Similarly, the 
emulation or emulated environment 16 can interface With the 
processor 26 or other portions of the second computing envi 
ronment via the interface 34. In this environment, the inter 
face 34 typically is a set of data structures residing in the 
emulated memory 22, although other con?gurations are pos 
sible. 
As discussed hereinabove, in an emulated environment, the 

emulated processor 18 typically is running as an application 
Within an operating system, e.g., Within the native operating 
system of another computing environment. Accordingly, the 
emulated environment often is referred to as a non-native 
environment, and the operating system 24 running Within the 
emulated memory 22 often is referred to as a non-native 
operating system. Therefore, although the ?rst computing 
environment 12 and the second computing environment 14 
are shoWn as separate entities for purposes of discussion 
herein, it should be understood that all or a portion of the 
emulated environment 16 typically is part of an application 
running Within the native operating system 32 Within the 
memory device 28. HoWever, it should be understood that the 
?rst computing environment 12 and the second computing 
environment 14 can have any suitable physical or logical 
coupling arrangement therebetWeen. 

It should be noted that the directional access from the 
emulated environment 16 to the second computing environ 
ment 14 is unidirectional, While the directional access from 
the second computing environment 14 to the emulated envi 
ronment 16 to bidirectional. That is, the second computing 
environment 14 can look into and access the memory in the 
emulated computing environment 16, hoWever, the emulated 
computing environment 16 can only read from and Write to 
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4 
memory locations Within the ?rst computing environment 12 
and not memory locations Within the second computing envi 
ronment 14. 
As discussed hereinabove, certain algorithms and other 

processing tasks may run more e?iciently Within one com 
puting environment, e.g., in the native operating system 32, 
than another computing environment, e. g., the emulated envi 
ronment 16. Therefore, it may be advantageous to o?lload 
various processing tasks from one computing environment to 
another computing environment, e.g., from the emulated 
environment 16 to the operating system computing environ 
ment 32 inside Which the emulated environment 16 is run 
ning. 

For example, various encryption processing tasks may 
have industry-accepted implementations for the native envi 
ronment but perform poorly in the non-native environment or 
Would be prohibitively expensive to implement in the non 
native environment. Another exemplary processing task suit 
able for of?oading may be specialiZed mathematical calcula 
tions Where the native environment has hardWare support for 
?oating point acceleration as opposed to relying on emulated 
?oating point routines Within the interpreter. Yet another pro 
cessing task suitable for of?oading could be the control of 
specialiZed hardWare, e.g., a stepper motor or other machin 
ery interfaces, Which have drivers provided by the vendors in 
the native operating system. With such interfaces, it is often 
more ef?cient to abstract the interface to high level and have 
the emulated environment request these high level functions 
via an o?lload engine, rather than developing non-native inter 
faces that tie directly into driver calls, to afford maximum 
control in the emulated environment. 

Conventional of?oad methods in such applications gener 
ally are netWork-based processes that directly involve process 
execution by the emulated processor 18 and the ability of the 
emulated processor 18 to enter program libraries Within the 
native operating system 32. Accordingly, such approaches 
require relatively intimate knoWledge of the emulated proces 
sor 18. Also, techniques that involve of?oaded calls from 
Within the emulated processor 18 can be vulnerable to pro 
gramming errors in the program library Within the native 
operating system 32. Such errors can fault the emulated pro 
cessor 18 itself, Which can result in a crash of the entire 
emulated environment 16. Also, access by the emulated pro 
cessor 18 to the program libraries Within the native operating 
system 32 typically involves making use of netWork connec 
tions therebetWeen, Which can be subject to the overall limi 
tations of the netWork environment Within Which the comput 
ing environments reside. 
The inventive methods and apparatus described herein pro 

vide for of?oading processing tasks from a ?rst computing 
environment to a second computing environment by making 
use of memory queues in the memory portion of the ?rst 
computing environment, Which are accessible by the operat 
ing system of the ?rst computing environment as Well as by 
one or more of?oad engines created in the second computing 
environment. In general, the ?rst computing environment, 
e.g., through its operating system, enqueues processing tasks, 
in the form of control blocks, Within a request or initiation 
queue. The processing tasks Within the control blocks that are 
queued in the initiation queue generally depend on What kind 
of corresponding of?oad engine is serving or Will be servicing 
the queue. The corresponding o?lload engine accesses or 
dequeues the ?rst available control block and processes the 
request, i.e., performs the processing task in the dequeued 
control block. The o?lload engine then places or enqueues into 
a result queue appropriate information that suf?ciently indi 
cates the of?oad engine has performed and completed the 
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processing task. The o?lload engine then accesses or dequeues 
the next available control block from the request queue, per 
forms the processing task therein and enqueues the result 
queue With appropriate information that indicates the of?oad 
engine has performed and completed the processing task. 
This of?oad engine queuing process continues until all con 
trol blocks from the request queue have been dequeued and 
processed. In this manner, compared to conventional o?load 
ing methods and arrangements, the inventive methods and 
apparatus alloW for relatively easy relocation and perfor 
mance of processing tasks from the ?rst computing environ 
ment to the second computing environment, With less com 
plexity and less need for specialiZed knoWledge. 

It should be understood that, although the control blocks 
are dequeued serially from the request queue, the processing 
tasks may not be required to be performed serially. For 
example, one or more dequeued processing task may be 
passed off by the o?lload engine to another Worker thread in 
such a Way that dequeued processing tasks are performed in 
parallel. 

FIG. 2 is a schematic vieW of portions of the ?rst comput 
ing environment 12 and the second computing environment 
14, shoWing the memory queues in the ?rst computing envi 
ronment 12 and the o?lload engines in the second computing 
environment 14. The memory element 22 of the ?rst comput 
ing environment 12 includes one or more control areas 
located therein. For example, the memory 22 includes a plu 
rality of control areas starting With a ?rst control area 36 and 
ending With an nth control area 38. The control areas are 
created or established in any suitable manner, e.g., as part of 
the inventive of?oading method described herein. 

Each control area includes a request or initiation queue, a 
result queue, and a pool queue. For example, the ?rst control 
area 3 6 includes a ?rst request or initiation queue 42 and a ?rst 
result queue 44. The ?rst control area 36 also can include a 
?rst pool queue 46. Similarly, the nth control area 38 includes 
an nth request or initiation queue 48 and an nth result queue 
52. The nth control area 38 also can include an nth pool queue 
54. As Will be discussed in greater detail hereinbeloW, each 
queue typically includes a plurality of control blocks, each of 
Which includes various processing task information, depend 
ing on, among other things, Which queue the control block 
occupies or has been removed from. 

The second computing environment 14 includes an of?oad 
engine that corresponds to each of the control areas. Thus, in 
the example computing environments shoWn in FIG. 2, the 
second computing environment 14 includes a plurality of 
o?lload engines starting With a ?rst of?oad engine 56 that 
corresponds to the ?rst control area 36 and ending With an nth 
o?lload engine 58 that corresponds to the nth control area 38. 
It should be understood that there can be a plurality of second 
computing environments, and not all of?oad engines need to 
reside in the same second computing environment. Also, it 
should be understood that all or a portion of one or more of the 
o?lload engines can be partially or completely con?gured in 
the form of softWare, e.g., as processing instructions and/or 
one or more sets of logic or computer code. In such con?gu 
ration, the logic or processing instructions typically are stored 
in a data storage device, e.g., the memory element 28, and 
accessed and executed as one or more applications Within the 
native operating system 32 by the native processor 26. Alter 
natively, one or more of the of?oad engines can be partially or 
completely con?gured in the form of hardWare circuitry and/ 
or other hardWare components Within a larger device or group 
of components, e.g., using specialiZed hardWare elements and 
logic. 
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6 
The o?lload engines can be instantiated in any suitable 

manner, e.g., as part of the inventive of?oading method 
described herein. For example, of?oad engines can be created 
as services or “daemons” in their respective computing envi 
ronments. Also, if the emulated processor 18 has the means to 
spaWn processes in the second computing environment 14, 
o?lload engines may be instantiated by the emulated proces 
sor 18 under the direction of the non-native instruction 
stream. Also, an o?lload engine can be developed for the 
purpose of spaWning additional of?oad engines. 

For each control area located in the memory element 22 of 
the ?rst computing environment 12, the base of the control 
area is communicated to its corresponding o?lload engine, 
typically at the time When the o?lload engine is instantiated. In 
this manner, each o?lload engine has its oWn dedicated control 
area, Which ensures that one o?lload engine Will not interfere 
With another of?oad engine. Also, in this arrangement, each 
control area typically is used only by one of?oad engine. 

Each control area includes an appropriate data structure 
that alloWs for the proper operation of the control area in 
conjunction With its corresponding of?oad engine in per 
forming the inventive of?oading methods described herein. 
For example, each control area can include a control Word that 
identi?es the particular area of memory Where the control 
area resides as an of?oad engine control area, e.g., a Mark 
Word control Word. Also, each control area can include a 
control Word that contains the absolute address of the base of 
the request or initiation queue (e.g., INIT_Q) and a control 
Word that contains the absolute address of the base of the 
result queue (e.g., RSLT_Q). Also, each control area can 
include a control Word that contains the absolute address of 
the base of the pool queue (e.g., POOL_Q). Also, each control 
area can include one or more control Words that identify 

certain control blocks Within the various queues for control 
block removal, placement, replacement and/or other suitable 
control block functions. 

Each control area also can include a control Word that the 
o?lload engine corresponding to the control area updates 
When the o?lload engine is checking in. Such updating signi 
?es that the of?oad engine is capable of receiving control 
blocks from its corresponding control area. This control Word 
can be referred to as an Of?oad Engine Version Word control 
Word. For example, the particular of?oad engine stores a 
value in the O?load Engine Version Word control Word that 
indicates the revision level of the of?oad engine. Also, the 
o?lload engine Writes the Of?oad Engine Version Word con 
trol Word to Zero (0) When the of?oad engine is terminating. 
Such action by the of?oad engine signi?es that the o?lload 
engine no longer Will access the memory portion 22 of the 
?rst computing environment 12. 
The manner in Which the control areas are found by their 

corresponding of?oad engine noW is discussed. The ?rst com 
puting environment 12, e.g., through its operating system, is 
responsible for allocating all control areas, i.e., allocating a 
corresponding control area for each of the de?ned o?lload 
engines. Once the portion of memory for each control area is 
allocated, the operating system or other appropriate portion of 
the ?rst computing environment 12 initialiZes the Mark Word 
control Word in each control area With an appropriate initial 
value or value notation (i.e., literal). Also, the O?load Engine 
Version Word control Word in each control area initially is set 
to Zero (0). Similarly, the control Words that make up or de?ne 
the queue structures Within each control area are suitably 
initialiZed. If a particular queue is not to be used, its control 
Words are initialiZed to Zero (0). Once each control area is 
initialiZed, its corresponding o?lload engine is told of the 
address of the control area. Typically, the value of this address 
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is passed to the corresponding of?oad engine as a command 
line argument. Providing the control area address to the cor 
responding of?oad engine in this manner alloWs different 
o?lload engines to connect to different control areas. 

The allocation of the control area Within the memory 22 of 
the ?rst computing environment 12 typically is established 
prior to the of?oading of processing tasks and the execution of 
the of?oaded processing tasks. However, alternatively, the 
operating system of the ?rst computing environment 12, e. g., 
in conjunction With an existing o?lload engine, can dynami 
cally add control areas during the course of of?oading and/or 
executing processing tasks. For example, one of the process 
ing tasks, Whether of?oaded or not, can be a request for 
additional queues. Assuming suf?cient resources exist Within 
the memory 22 of the ?rst computing environment 12, the 
operating system of the ?rst computing environment 12, in 
response to the allocation request, can dynamically allocate 
the requested control area and pass the address of the neW 
control area to its corresponding o?lload engine, e.g., as part 
of the control block data buffer that the of?oad engine Would 
be able to capture and retain. 
As discussed hereinabove, each control area includes one 

or more queues, e.g., a request or initiation queue and a result 
queue. Each control area also can include a pool queue. The 
manner in Which control blocks are transferred from their 
respective control area to the control area’s corresponding 
o?lload engine (and vice versa) is via the use of these queues. 
Each queue in the control area is a contiguous area of the 
memory element 22 Within the ?rst computing environment 
12, and has a de?ned siZe as set forth in the data structure of 
the particular control area. At any given point in time, each 
Word in a particular queue has a value of either Zero (0), Which 
indicates that the queue entry is empty, or a positive integer, 
Which indicates the absolute address of the base of the control 
block enqueued at that queue location. 

FIG. 3 is a schematic vieW of an example queue or queue 
structure 60 according to an embodiment. Typically, the 
queue structure 60 is the same for all the queues pointed to by 
the control area. It should be understood that the data values 
in the various slots of the queue structure 60 are example data 
values shoWn to demonstrate a portion of the general opera 
tion of the queue structure 60. 

The queue structure 60 includes a plurality of slots or data 
slots 62, a Q_IN entry or pointer 64 and a Q_OUT entry or 
pointer 66. The data slots 62 are con?gured to have data 
values Written thereto and read therefrom, e. g., by the queue’ s 
corresponding of?oad engine 68. Control blocks are the data 
entities that are enqueued to and dequeued from the queue 60. 
The Q_IN entry 64 points to the data slot Where the next 
control block Will be enqueued. The Q_OUT entry 66 points 
to the data slot Where the next control block Will be dequeued. 
The o?lload engine 68 includes an enqueuer 72 for enqueuing 
control blocks into the queue structure 60, and a dequeuer 74 
for dequeuing control blocks from the queue structure 60. 
HoWever, it should be understood that the enqueuer 72 and/or 
the dequeuer 74 can be standalone devices external to the 
o?lload engine 68, or included as part of another suitable 
device other than the o?lload engine 68. 
As shoWn in the example queue structure, the Q_IN entry 

64 has a value of 6, Which points to the 6th slot (Zero relative) 
of the queue 60, Which is shoWn generally as a 6th slot 76. In 
this example, the 6th slot 76 is Where the next control block 
Will be queued. Because the 6th slot 76 currently has a value 
of Zero (0), the 6th slot 76 is empty and a neW control block 
may be enqueued therein immediately. If the 6th slot 76 (or 
any other data slot) has a value or data entry that is non-Zero, 
this Would mean that the dequeuer 74 has not yet dequeued 
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8 
the control block. In such case, the enqueuer 72 Would have to 
Wait until the particular data slot has been dequeued before 
enqueuing could take place. It should be understood that it is 
possible for the enqueuer 72 to queue data to some other 
appropriate location, e.g., to a disk or other appropriate 
memory area. HoWever, a non-Zero data entry can not be 
overWritten by the enqueuer 72. 
As also shoWn in the example queue structure, the Q_OUT 

entry 66 has a value of 3, Which points to the 3rd slot (Zero 
relative) of the queue 60, Which is shoWn generally as a slot 
78. In this example, the 3rd slot 78 is Where the next control 
block Will be dequeued. In this example, the 3rd slot 78 
contains the data value 0x1 872 (6258 decimal). This data 
value points to a control block 82 located at absolute address 
0x1 872. The dequeuer 74 Will dequeue the data slot entry by 
reading the value from the 3rd slot (i.e., the data value 
0x1 872), overWriting the 3rd slot With a value of Zero (0), and 
incrementing the value of the Q_OUT entry 66 by one (1), 
taking rollover into account. If the Q_OUT entry 66 points to 
a slot 62 that contains a value of Zero (0), then the particular 
slot is empty and the corresponding o?lload engine 68 has no 
queued control blocks. 

During each of the enqueuing operations, a single control 
block data entity is enqueued, and during each of the dequeu 
ing operations, a single control block data entity is dequeued. 
Therefore, no locking is required for the queue structure 
itself. Also, it is assumed that all queue entries are updated 
atomically, i.e., the entire value is fully updated in a single 
memory cycle. HoWever, an of?oad engine is free to multi 
thread control block execution in any suitable manner that the 
o?lload engine deems appropriate, but in such case a single 
thread should be responsible for handling a queue. 

FIG. 4 is a schematic vieW of an exemplary control block 
84 according to an embodiment. The control block 84 is a 
memory resident data structure that is linear in nature. The 
control block 84 has an of?oad engine independent area 86, 
an o?lload engine dependent area 88, and an area 92 reserved 
for operating system softWare use. The o?lload engine inde 
pendent area 86 is identical in structure for all control blocks, 
regardless of the type of o?lload engine that accesses the 
control block. The o?lload engine dependent area 88 may be 
dependent on the type and revision of the o?lload engine that 
accesses the corresponding control block. O?load engines are 
forbidden from accessing the operating system area 92, Which 
contains items that are meaningful only to the softWare that 
produces and consumes those items, e.g., the operating sys 
tem softWare, such as the MCP. 

Each control block includes an appropriate format for 
maintaining control block items therein. For example, each 
control block can include a control block Word that contains 
a literal that identi?es the type of o?lload engine for Which the 
particular control block is targeted, e.g., a MARK control 
block Word. Also, each control block can include a control 
block Word that contains a data entry that describes the ver 
sion of the control block, e.g., a VERSION control block 
Word. For proper operation, the o?lload engine targeting the 
control block and the operating system resident in the control 
area computing environment should have identical de?ni 
tions for control blocks for speci?c o?lload engines at speci?c 
revision levels. As long as both entities have identical de?ni 
tions, the interaction betWeen the operating system, the off 
load engine and the processing of the control block Will 
function properly. 

Also, each control block can include a control block Word 
that contains a number, typically an integer, that is the direc 
tive that the entity that is executing the corresponding control 
block is to perform, e.g., a DIRECTIVE control block Word. 
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Each control block can include a control block Word that 
contains a real value, typically a bit mask, that represents the 
results of the execution, e. g., a RESULT control block Word. 
Typically, for a RESULT control block Word, a value of Zero 
(0) implies no error in execution. 

Also, each control block can include a buffer address con 

trol block Word, e.g., BUFF_ADRS, Which contains the 
address of the base of a data buffer associated With the cor 

responding control block. Many types of DIRECTIVE(s) 
pass data from one entity to the other, and the buffer address 
control block Word contains the address Where the base of this 
buffer can be located. Each control block also can include a 

buffer length control block Word, e.g., BUFF_LEN, Which 
describes hoW many Words of continuous memory are con 
tained Within the area pointed to by BUFF_ADRS control 
block Word. Each control block also can include a buffer valid 
data control block Word, e.g., BUFF_DL, Which describes 
hoW many bytes of data are valid in the area pointed to by the 
BUFF_ADRS control block Word. The value in the buffer 
valid data control block Word must be less than or equal to the 
value in the buffer length control block Word multiplied by the 
number of bytes per Word to ensure that the data referenced 
does not over?ow the siZe of the allocated memory. 

Each control block also can include separate control Words 
for the ?rst, second and last Words of the of?oad engine 
dependent area 88.Also, each control block can include sepa 
rate control Words for the ?rst, second and last Words of the 
operating system dependent area 92. 

Each control block also includes a plurality of timestamp 
Words, such as control block Words containing a timestamp of 
When the corresponding control block Was inserted into or 
removed from one of the initiation queue, result or pool 
queues. The timestamp Words help track the progress of con 
trol block execution. Also, because all of the control blocks 
live in the memory portion accessible by the operating sys 
tem, e.g., the MCP, the state of all the control blocks is readily 
visible to a diagnostician if an error occurs and a memory 

dump is taken. Based on the timestamp information, a diag 
nostician can tell When the control block Was inserted into 
Which queue and When the control block Was removed from 
Which queue. The timestamp information also provides a 
statistical history of the performance of the corresponding 
o?lload engine, e.g., hoW long it typically takes for a control 
block to be seen by the o?lload engine, hoW long it takes the 
o?lload engine to process the directive, and hoW long it takes 
the operating system to see the control blocks in the result 
queue after the of?oad engine has completed processing. 

FIG. 5 is a How diagram of a method 100 for of?oading 
processing tasks from a ?rst computing environment, such as 
an emulated computing environment With the MCP operating 
system, and a second computing environment, according to 
an embodiment. Before the method 100 begins, the control 
areas 36-38 are allocated, e.g., When con?guration informa 
tion is processed or via a program agent in response to exter 
nal stimuli. Once the control areas are allocated, the of?oad 
engines 56-58 are instantiated, e.g., as discussed hereinabove. 

The of?oading method 100 includes a step 102 of allocat 
ing a control block for the initiation queue. In response to a 
computing performance request, the operating system Within 
the ?rst computing environment allocates a control block 
from the memory area of the computing environment. Allo 
cation of control blocks may be static or dynamic. In general, 
a control block should be allocated before it can be initialiZed 
and enqueued for processing. Furthermore, the control block 
must not be relocated While under the control of an of?oad 
engine. 
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The data structure of the allocated control block is initial 

iZed and any data associated With the computing performance 
request is placed into the data buffer associated With the 
control block. The lengths of the control block control Words 
are updated accordingly to properly re?ect the siZe of the 
buffer and the siZe of the data contained Within the buffer. 
Also, Within the control block, the RESULT area is Zeroed 
and the DIRECTIVE is updated. 
The of?oading method 100 also includes a step 104 of 

enqueuing the control block into the initiation queue. Within 
the corresponding control area of the ?rst computing envi 
ronment, the control block is enqueued into the correspond 
ing result or initiation queue. To enqueue the control block 
into the initiation queue, the queue slot indexed by the initia 
tion queue insertion index Word (IQ_IN) is read by the 
enqueuer, e.g., by the operating system of the ?rst computing 
environment. The initiation queue insertion index Word is the 
Word in the control area that indicates the slot in the initiation 
queue in Which the next control block is to be placed. If the 
value of the initiation queue insertion index Word is non-Zero, 
the indexed slot in the initiation queue is full and the control 
block can not be queued until the contents of the that slot in 
the initiation queue are removed, e.g., by the o?lload engine. 
In the case Where the indexed slot in the initiation queue is 
full, the indexed slot in the initiation queue is polled until such 
time as the returned value is Zero (0). Alternatively, one or 
more events that are caused When a control block is removed 
from result queue can be monitored to verify that the control 
block is removed from the result queue. 
When the control block is able to be queued, the current 

time is queried and the appropriate control block Word (e. g., 
a TS_IQ_IN control block Word) is updated With a suitably 
formatted timestamp value of When the control block Was 
inserted into the initiation queue. Next, the address of the 
control block is Written into the slot in the initiation queue 
indexed by the initiation queue insertion index Word. Finally, 
the value of the initiation queue insertion index Word is incre 
mented. If the neW value of the initiation queue insertion 
index Word is greater than or equal to the value of a queue 
length Word (Q_LEN), Which indicates the length in Words of 
each and every queue pointed to by a queue address Word, 
then the value is set to Zero (0). At this point, the control block 
is queued in the initiation queue. 
The of?oading method 100 also includes a step 106 of the 

o?lload engine dequeuing the control block from the initiation 
queue. The o?lload engine polls the initiation queue at the 
queue slot indexed by the initiation queue extraction index 
Word (IQ_OUT). The initiation queue extraction index Word 
is the Word in the control area that indicates the slot in the 
initiation queue from Which the next control block is to be 
removed. When a non-Zero value is returned, the o?lload 
engine reads the memory address Within or corresponding to 
the indexed queue slot. Also, the o?lload engine reads and 
validates the control block’s Mark Word control Word and the 
O?load Engine Version Word control Word. The time of day is 
read and suitably formatted and the appropriate control block 
Word (e.g., a TS_IQ_OUT control block Word) is updated 
With a suitably formatted timestamp value of When the o?lload 
engine dequeued the control block from the initiation queue. 
The queue slot indexed by the initiation queue extraction 

index Word then is Zeroed and the initiation queue extraction 
index Word (IQ_OUT) Word is incremented. If the neW value 
of the initiation queue extraction index Word is greater than or 
equal to the value of the queue length Word (Q_LEN), then a 
value of Zero (0) is Written. At this point, the of?oad engine 
oWns the control block. 
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The of?oading method 100 also includes a step 108 of the 
o?lload engine performing the control block computing 
request. After the o?lload engine dequeues the control block 
from the initiation queue, the o?lload engine can perform the 
control block computing request. The o?lload engine reads 
the DIRECTIVE control block Word andperforms the actions 
requested. The of?oad engine has a relatively great amount of 
?exibility in the manner in Which the o?lload engine executes 
control blocks. For example, the of?oad engine can execute 
control blocks serially or in parallel. Also, the of?oad engine 
may choose to execute control blocks out of order, i.e., in an 
order other than the order in Which the of?oad engine 
dequeued the control blocks. Generally, the of?oad engine 
can do Whatever the o?lload engine deems necessary to per 
form the DIRECTIVE control block Word. 

The of?oading method 100 also includes a step 110 of 
updating the control block. Once the of?oad engine com 
pletes the performance of the DIRECTIVE control block 
Word, the of?oad engine updates the RESULT control block 
Word. As discussed previously herein, the RESULT control 
block Word contains a value that represents the results of the 
execution. 

The of?oading method 100 also includes a step 112 of 
enqueuing the control block into the result queue. Once the 
DIRECTIVE control block Word is completed and the of?oad 
engine updates the RESULT control block Word, the of?oad 
engine proceeds to enqueue the control block into the result 
queue. The of?oad engine reads the queue slot in the result 
queue that is indexed by the result queue insertion index Word 
(RQ_IN). The result queue insertion index Word is the Word in 
the control area that indicates the slot in the result queue in 
Which the next control block is to be placed. If the value read 
from the indexed result queue slot is not Zero, then the of?oad 
engine must Wait for the operating system in the ?rst com 
puting environment to dequeue the control block already 
queued at indexed result queue slot location. The of?oad 
engine polls the indexed result queue slot until a value of Zero 
(0) is read. 
Once the o?lload engine is cleared to enqueue the control 

block into the result queue, the time of day is queried and the 
appropriate control block Word (e.g., a TS_RQ_IN control 
block Word) is updated With a suitably formatted timestamp 
value to indicate When the control block Was inserted into the 
result queue. Then, the address of the control block is Written 
into the result queue slot indexed by the result queue insertion 
index Word, and the result queue insertion index Word is 
incremented. If the resultant value of the result queue inser 
tion index Word is greater than or equal to the value of the 
queue length Word, then a value of Zero (0) is Written into the 
result queue insertion index Word instead of the incremented 
value. 

The of?oading method 100 also includes a step 114 of 
dequeuing the control block from the result queue. Once the 
o?lload engine enqueues the control block into the result 
queue, the operating system of the ?rst computing environ 
ment can dequeue the control block from the result queue. 
The operating system of the ?rst computing environment 
polls the result queue by reading the result queue slot indexed 
by the result queue extraction index Word (RQ_OUT) until 
the operating system of the ?rst computing environment reads 
a non-Zero value. The result queue extraction index Word is 
the Word in the control area that indicates the queue slot in the 
result queue from Which the next control block is to be 
removed. Upon seeing a non-Zero value in the queue slot 
indexed by the result queue extraction index Word, the oper 
ating system of the ?rst computing environment queries the 
time of day and Writes a suitably formatted timestamp value 
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into the appropriate control block Word (e. g., a TS_RQ_OUT 
control block Word) to record When this control block Was 
removed from the result queue. Then, the control block 
memory address Within or corresponding to the indexed 
queue slot is read. 

After the control block memory address is read from the 
indexed queue slot, the operating system of the ?rst comput 
ing environment Writes a value of Zero (0) into the indexed 
queue slot to indicate that the queue slot in the result queue 
noW is free. Then, the result queue extraction index Word is 
incremented. If the resultant value of the result queue extrac 
tion index Word is greater than or equal to the value of the 
queue length Word, then a value of Zero (0) is Written into the 
result queue extraction index Word instead of the incremented 
value. 
The operating system of the ?rst computing environment is 

free to do Whatever control block completion processing is 
needed. Such processing can include error logging, statistic 
gathering, buffer deallocation, and any number of cleanup 
tasks associated With control blocks for the particular corre 
sponding of?oad engine. 

FIG. 6 is a How diagram of a method 120 for of?oading 
processing tasks from a ?rst computing environment to a 
second computing environment according to an another 
embodiment. For example, the method 120 involves o?load 
ing control blocks that have operating system service requests 
of the operating system of the ?rst computing environment. 
Such of?oading operation makes use of pool queues Within 
the appropriate control block control area and its correspond 
ing o?lload engine. Typical operating system service requests 
can include a request (by an of?oad engine) for additional 
data upon Which to act, a request for an expansion of o?lload 
engine resources (e. g., to increase the siZe of the queues 
dynamically), and various netWork services from the non 
native operating system 24. 
The of?oading method 120 includes a step 122 of pre 

allocating one or more control blocks for the pool queue. The 
pool queue is slightly different than the other queues as to its 
intended purpose. With respect to an of?oad engine request 
ing a service of the operating system of the ?rst computing 
environment, the o?lload engine is incapable of requesting 
such an operating system service Without a control block. 
Therefore, the operating system of the ?rst computing envi 
ronment can pre-allocate one or more control blocks speci? 
cally for the corresponding o?lload engine to request services 
of the operating system of the ?rst computing environment. 
The of?oading method 120 includes a step 124 of enqueu 

ing the control block into the pool queue. The control block is 
enqueued into the pool queue in a suitable manner, e.g., in a 
manner similar to enqueuing a control block into the initiation 
queue, as discussed hereinabove. For example, to enqueue the 
control block into the pool queue, the queue slot indexed by 
the pool queue insertion index Word (PQ_IN) is read by the 
enqueuer, e.g., the o?lload engine. The pool queue insertion 
index Word is the Word in the control area that indicates the 
slot in the pool queue in Which the next control block is to be 
placed. If the indexed slot is not full and therefore is able to be 
queued, the current time is queried and the appropriate con 
trol block Word (e.g., a TS_PQ_IN control block Word) is 
updated With a suitably formatted timestamp value of When 
the control block Was inserted into the pool queue. The 
address of the control block then is Written into the pool queue 
slot indexed by the pool queue insertion index Word. Then, the 
value of the pool queue insertion index Word is incremented 
and, if the neW value of the pool queue insertion index Word 
is greater than or equal to the value of the queue length Word, 
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then the value is set to Zero (0). At this point, the control block 
has been queued into the pool queue. 
When an o?lload engine Wishes to request an operating 

system service from the operating system of the ?rst comput 
ing environment, the of?oad engine dequeues a control block 
from the pool queue (step 126), ?lls in the appropriate ?elds 
(step 128) as is necessary for enqueuing the control block, and 
enqueues the control block in the operating system service 
initiation queue (step 132), e.g., in a manner to similar to the 
treatment of a control block in the initiation queue by the 
o?lload engine, as discussed hereinabove. 

The of?oading method 120 includes a step 134 of dequeu 
ing the control block from the operating system service ini 
tiation queue. The operating system of the ?rst computing 
environment polls the operating system service initiation 
queue at the slot indexed by the service queue extraction 
index Word (MIQ_OUT). The service queue extraction index 
Word is the Word in the control area that indicates the slot in 
the operating system service initiation queue from Which the 
next control block is to be removed. Upon seeing a valid 
control block address in the portion of the control area that 
contains the absolute address of the base of the operating 
system service initiation queue (e.g., an MI_Q control block 
Word) at the queue slot pointed to by the service initiation 
queue insertion extraction Word (e. g., an MIQ_OUT control 
block control Word), the operating system of the ?rst com 
puting environment dequeues the control block. 

The of?oading method 120 includes a step 136 of the 
operating system performing the control block operating sys 
tem service request. After the operating system dequeues the 
control block from the operating system service initiation 
queue, the of?oad engine can perform the control block oper 
ating system service request, e.g., by reading the DIREC 
TIVE control block Word and performing the service 
requested. 

The of?oading method 120 includes a step 138 of enqueu 
ing the control block into the operating system service result 
queue. More speci?cally, the operating system enqueues the 
control block into the portion of the control area that contains 
the absolute address of the base of the operating system 
service result queue (e.g., an MR_Q control block Word) at 
the queue slot pointed to by the service result queue insertion 
index Word (e.g., an MRQ_IN control block Word). 

The of?oading method 120 includes a step 142 of dequeu 
ing the control block from the operating system service result 
queue. More speci?cally, the of?oad engine, upon seeing an 
entry in the operating system service result queue, Will 
dequeue the control block and examine the RESULT control 
block Word to see if any errors occurred during the processing 
of the control block. The of?oad engine can take appropriate 
action if there Were any processing errors. A value of Zero (0) 
in the RESULT control block Word typically implies no error 
in execution. 

The methods illustrated in FIGS. 5-6 may be implemented 
in a general, multi-purpose or single purpose processor. Such 
a processor Will execute instructions, either at the assembly, 
compiled or machine-level, to perform that process. Those 
instructions can be Written by one of ordinary skill in the art 
folloWing the description of FIGS. 5-6 and stored or trans 
mitted on a computer readable medium. The instructions may 
also be created using source code or any other knoWn com 
puter-aided design tool . A computer readable medium may be 
any medium capable of carrying those instructions and 
includes random access memory (RAM), dynamic RAM 
(DRAM), ?ash memory, read-only memory (ROM), compact 
disk ROM (CD-ROM), digital video disks (DVDs), magnetic 
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14 
disks or tapes, optical disks or other disks, silicon memory 
(e.g., removable, non-removable, volatile or non-volatile), 
and the like. 

It Will be apparent to those skilled in the art that many 
changes and substitutions can be made to the embodiments 
described herein Without departing from the spirit and scope 
of the disclosure as de?ned by the appended claims and their 
full scope of equivalents. 
The invention claimed is: 
1. A method for requesting operating system services from 

a ?rst computing environment by a second computing envi 
ronment, Wherein the ?rst computing environment includes 
an operating system and a memory element that has at least 
one control area With a pool queue and an operating system 
service queue having an operating system service initiation 
queue and an operating system service result queue, Wherein 
the second computing environment includes at least one off 
load engine corresponding to the control area, the method 
comprising: 

allocating by the operating system of the ?rst computing 
environment a control block, Wherein the memory ele 
ment is con?gured in such a Way that the control area is 
accessible by the operating system of the ?rst computing 
environment and by the corresponding of?oad engine; 

enqueuing by the operating system of the ?rst computing 
environment the control block into an available slot in 
the pool queue; 
Wherein the control block is enqueued into the pool 

queue in such a Way that the o?lload engine in the 
second computing environment can dequeue the con 
trol block from the pool queue, update the dequeued 
control block With a request for an operating system 
service from the operating system of the ?rst comput 
ing environment, and 

Wherein the operating system service queue is con?g 
ured in such a Way that the o?lload engine can enqueue 
the updated control block into an available slot in the 
operating system service initiation queue; 

dequeuing by the operating system of the ?rst computing 
environment the enqueued updated control block from 
the operating system service initiation queue; 

performing by the operating system of the ?rst computing 
environment the requested operating system service in 
the dequeued control block; and 

enqueuing by the operating system of the ?rst computing 
environment the control block into a result queue portion 
of the operating system service result queue, 
Wherein the control block is enqueued into the operating 

system service result queue in such a Way that the 
o?lload engine can dequeue the control block there 
from. 

2. The method as recited in claim 1, Wherein the control 
block pool queue enqueuing step includes 

reading the slot in the pool queue indexed by a pool queue 
insertion index Word (PQ_IN); 

if the value of the indexed slot in the pool queue is non 
Zero, polling the indexed slot in the pool queue until the 
value of the indexed slot in the pool queue is Zero; 

if the value of the indexed slot in the pool queue is Zero, 
Writing the address of the control block into the indexed 
slot in the pool queue; and 

incrementing the pool queue insertion index Word. 
3. The method as recited in claim 1, Wherein the method 

includes the o?lload engine dequeuing the enqueued control 
block from the operating system service result queue. 

4. The method as recited in claim 3, Wherein the control 
block includes a RESULTS control block Word, and Wherein 
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the control block operating system service queue dequeuing 
step includes examining the RESULTS control block Word in 
the control block to indicate that the operating system service 
request has been completed With any processing errors. 

5. The method as recited in claim 1, Wherein the control 
block operating system service queue dequeuing step 
includes 

the operating system of the ?rst computing environment 
reading the slot in the operating system service initiation 
queue indexed by a service queue extraction index Word 
(MIQ_OUT); 

if the value of the indexed slot in the operating system 
service initiation queue is Zero, polling by the operating 
system of the ?rst computing environment of?oad 
engine the indexed slot in the operating system service 
initiation queue until the value of the indexed slot in the 
operating system service initiation queue is non-Zero; 

if the value of the indexed slot in the operating system 
service initiation queue is non-Zero, reading by the oper 
ating system of the ?rst computing environment the 
memory address value in the indexed slot in the operat 
ing system service initiation queue; 

Writing a value of Zero into the indexed slot in the operating 
system service initiation queue; and 

incrementing the service queue extraction index Word. 
6. The method as recited in claim 1, Wherein the control 

block includes a DIRECTIVE control block Word for execu 
tion of the control block operating system service request, and 
Wherein the operating system performing step includes the 
operating system reading the DIRECTIVE control block 
Word and performing the operating system service request 
identi?ed by the DIRECTIVE control block Word. 

7. The method as recited in claim 1, Wherein the control 
block operating system service queue enqueuing step 
includes 
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the operating system of the ?rst computing environment 

reading the slot in the operating system service result 
queue indexed by a service result queue insertion Word 
index (MRQ_IN); 

if the value of the indexed slot in the operating system 
service result queue is non-Zero, polling by the operating 
system of the ?rst computing environment the indexed 
slot in the operating system service result queue until the 
value of the indexed slot in the result queue is Zero; 

if the value of the indexed slot in the operating system 
service result queue is Zero, Writing by the operating 
system the address of the control block into the indexed 
slot in the operating system service result queue; and 

incrementing the operating system service result queue 
insertion index Word. 

8. The method as recited in claim 1, Wherein at least one of 
the at least one enqueuing steps and the at least one dequeuing 
steps includes timestamping When the control block is 
dequeued from the corresponding queue. 

9. The method as recited in claim 1, Wherein the ?rst 
computing environment is coupled to the second computing 
environment via an interface therebetWeen. 

10. The method as recited in claim 1, Wherein the second 
computing environment includes an operating system, and 
Wherein the ?rst computing environment is an emulated com 
puting environment application running Within the operating 
system of the second computing environment. 

11. The method as recited in claim 1, Wherein the ?rst 
computing environment includes a Master Control Program 
(MCP) environment, and Wherein the operating system in the 
?rst computing environment is the MCP operating system. 


